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1
Introduction
In this contribution, we provide updated performance results for NB-IOT in-band operation. The evaluations are provided for these numerology options –
· OFDMA on the downlink - 15 kHz sub-carrier spacing using normal CP

· SC-FDMA using single-tone transmission
Note that the results in this contribution are updates of results presented in [1] and based on revised simulation assumptions.
2

Simulation Assumptions
In in-band mode of operation, NB-IOT will utilize resource blocks within a normal LTE carrier. An illustration of this is shown in Figure 1.
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Figure 1. In-band operation for NB-IOT.
The in-band scenario is described in [2]. To summarize, one PRB outside of the center 6 PRBs is reserved for NB-IOT. The power of this PRB is either 32 or 35 dBm. Within this NB-IOT PRB, the first 3 OFDM symbols are not used. NB-IOT reuses LTE CRS for channel estimation and demodulation and the CRS is boosted by 6 dB. Table 1 provides link-level simulation assumptions for in-band operation. 
Table 1. Link-level simulation assumptions for in-band operation.
	Parameter
	Value

	LTE system bandwidth
	10 MHz

	NB-IOT system bandwidth
	1 PRB

	Frequency band
	2 GHz

	eNB transmit power
	46 dBm shared among LTE and NB-IOT

	eNB transmit power for NB-IOT
	32 and 35 dBm

	MS transmit power
	23 dBm

	Propagation channel model
	ETU

	Doppler spread
	1 Hz 

	Interference/noise
	Sensitivity

	Antenna configuration (Transmission mode)
	DL: eNB: 2Tx, MS: 1Rx (TM2, SFBC)

UL: eNB: 2Rx, MS: 1Tx

	Frequency error
	Randomly chosen from [-50, 50] Hz

	Thermal noise density (dBm/Hz)
	-174

	BS Receiver noise figure (dB)
	3

	MS Receiver noise figure (dB)
	5

	Interference margin (dB)
	0

	Receiver processing gain (dB)
	0

	PDCCH/PCFICH/PHICH
	3 OFDM symbols

	Reference signals
	Reuse LTE CRS with 6 dB power boosting


Additional simulation assumptions specific to each physical layer channel are given below –

· M-PBCH – The payload consists of 34 bits and 16-bit CRC. Antenna configuration of 2Tx-1Rx with SFBC is used. CRS mapping is based on LTE. Convolution coding is used. The M-PBCH is transmitted every 10ms in subframe #0 using all OFDM symbols in the subframe (note that this is slightly different from [3] where only five OFDM symbols in subframe #0 are used). The M-PBCH content changes every 640ms and multiple decoding attempts are used. The target BLER of the M-PBCH is 10%.
· M-PDSCH – The payload consists of 776 bits and 24-bit CRC transmitted over 12 subframes (12ms). Antenna configuration of 2Tx-1Rx with SFBC is used. CRS mapping is based on LTE. Within each subframe, 120 resource elements are available. Convolution coding and QPSK modulation are used. The target BLER of the M-PDSCH is 10%.
· M-EPDCCH – The payload consists of 48 bits and 16-bit CRC transmitted over 12 subframes (12ms). Antenna configuration of 2Tx-1Rx with SFBC is used. Within each subframe, 120 resource elements are available. Convolution coding and QPSK modulation are used. The target BLER of the M-EPDCCH is 10%.
· M-PUSCH – The payload consists of 776 bits and 24-bit CRC transmitted over 2160 subframes (2160ms) using SC-FDMA single-tone transmission. Antenna configuration of 1Tx-2Rx is used. Within each subframe, 12 resource elements are available. Turbo coding and QPSK modulation are used. The target BLER of the M-PUSCH is 10%.
For NB-IOT, the target MCL is 164dB corresponding to 20dB improvement over legacy GPRS. Based on the assumptions from Table 1 and the selected numerology, the required SNRs to achieve this MCL are -12.6 and -15.6dB for the M-PBCH, M-PDSCH, M-EPDCCH channels with 32 and 35 dBm transmission power, respectively. The required SNR is -4dB for the M-PUSCH channel. 
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Link-level Performance
Figure 2- Figure 5 illustrate link-level performance of the M-PBCH, M-PDSCH, M-EPDCCH and M-PUSCH respectively. Note that these performance results depict the sensitivity performance of the various channels. Interference was not considered.
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Figure 2. M-PBCH performance.
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Figure 3. M-PDSCH performance.
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Figure 4. M-EPDCCH performance.
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Figure 5. M-PUSCH performance.


Several observations may be made regarding link-level performance –

· M-PBCH – For 32 dBm transmission power, the acquisition time for 90% success rate is 2560ms and for 99% success rate the acquisition time is 4480ms. For 35 dBm transmission power, the acquisition time for 90% success rate is 2560ms and for 99% success rate the acquisition time is 3840ms (see [4] for results).
· M-PDSCH – For 32 dBm transmission power, using 220 transmissions (total transmission time of 2640ms), the 10% BLER operating point was achieved at SNR of -15.6 dB. This corresponds to M-PDSCH data rate of 0.30 kbps. For 35 dBm transmission power, using 130 transmissions (total transmission time of 1560ms), the 10% BLER operating point was achieved at SNR of -13.0 dB. This corresponds to M-PDSCH data rate of 0.51 kbps.
· M-EPDCCH – For 32 dBm transmission power, using 30 transmissions (total transmission time of 360ms), the 10% BLER operating point was achieved at SNR of -16.5 dB. For 35 dBm transmission power, using 14 transmissions (total transmission time of 168ms), the 10% BLER operating point was achieved at SNR of -13.0 dB.
· M-PUSCH – Using single-tone transmission and total transmission time of 2160ms, the 10% BLER operating point was achieved at SNR of -5.8 dB. This corresponds to M-PUSCH data rate of 0.37 kbps.
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Coverage Evaluation
Coverage evaluation based on link-level simulation results from Section 3 is shown in Table 2. 
Table 2. Coverage evaluation for in-band operation.

	Channel
	DL - 32 dBm
	DL - 35 dBm
	UL

	
	M-PBCH
	M-EPDCCH
	M-PDSCH
	M-PBCH
	M-EPDCCH
	M-PDSCH
	M-PUSCH

	Data rate (kbps)
	 
	 
	0.30
	 
	 
	0.51
	0.37

	Transmitter
	 
	 
	 
	 
	 
	 
	 

	Max Tx power (dBm)
	46
	46
	46
	46
	46
	46
	23

	(1) Actual Tx power (dBm)
	32
	32
	32
	35
	35
	35
	23

	Receiver
	 
	 
	 
	 
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5
	3

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180,000
	180,000
	180,000
	180,000
	180,000
	180,000
	2,500

	(6) Effective noise power
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-137.0

	= (2) + (3) + (4) + 10 log ((5))  (dBm)
	
	
	
	
	
	
	

	(7) Required SINR (dB)
	-15.6
	-16.5
	-15.6
	-12.6
	-13.0
	-13.0
	-5.8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-132.0
	-132.9
	-132.0
	-129.0
	-129.4
	-129.4
	-142.8

	(9) Rx processing gain
	0
	0
	0
	0
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	164.0
	164.9
	164.0
	164.0
	164.4
	164.4
	165.8


Table 2 shows that the target MCL of 164dB can be achieved for the channels considered. At this MCL, physical-layer data rates of 0.30 and 0.51 kbps can be supported in the downlink with 32 and 35 dBm transmission power, respectively. In the uplink, physical-layer data rate of 0.37 kbps can be supported.
5
Latency Evaluation

Latency evaluation at 164 dB MCL for exception report (20 bytes application report, 65 bytes upper layer protocol header, and 15 bytes SNDCP/LLC/RLC/MAC/CRC overhead is assumed) transmission is shown in Table 2 for 90% confidence. 

Table 3. Latency evaluation for in-band operation (164dB MCL, 90% confidence).

	Activity
	Time (ms)

	
	DL - 32 dBm, UL - 23 dBm
	DL - 35 dBm, UL - 23 dBm

	Synchronization
	4380
	2190

	MIB acquisition
	2560
	2560

	PRACH
	1212
	1212

	DCI + RAR 
	724
	340

	Msg3
	304
	304

	DCI + Msg4
	724
	340

	DCI (UL grant)
	364
	172

	UL Data Tx
	2160
	2160

	Total
	12428
	9278


Note that the synchronization time used in the table is only an estimate. From the table, it is seen that the time to transmit an exception report is approximately 12.4 seconds for 90% confidence level with 32dBm downlink transmission power. With 35dBm downlink transmission power, the time to transmit an exception report is 9.3 seconds for 90% confidence level.
6
Conclusion
This contribution provides performance results for in-band operation using OFDM (15 kHz sub-carrier spacing) in the downlink and single-tone SC-FDMA in the uplink. The performance results show that the coverage criteria are satisfied for the channels considered. Preliminary results also show that latency requirement at 90% confidence level and 164 dB MCL can also be satisfied using 35dBm transmission power in the downlink.
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